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© Apparatus for mixing viscous materials. 



© An apparatus for mixing viscous materials has a 
tank (10) for holding a viscous liquid to be mixed 
with the upper surface of the liquid at a mixing level 
in the tank, an impeller (21) rotatably mounted in the 
tank coaxial with the cylindrical axis of the tank with 
a plurality of flat lower impeller blades (24) mounted 
thereon at equally spaced intervals therearound, and 
inclined to the vertical and at least one plurality of 
upper blades (25) mounted thereon at equally 
spaced intervals therearound and substantially mid- 
way between the circumferential positions of the 
lower blades and inclined to the vertical in the same 
direction as the lower blades and at a greater angle, 
a drive motor (23) driving the impeller shaft in a 
direction in which the upper edges of the blades are 
the leading edges in the direction of rotation, and a 
plurality of baffles (17) in the tank body at intervals 
around the inside peripheral surface of the tank 
between the tank wall and the ends of the blades 
and having a flat surface (17c) on the front side and 
surface (17d) facing on the back side with a cross- 
^ sectional shape of substantially half of an ellipse with 
_ the major axis extending circumferentially. 

r> 

CO 
CM 

o 
o 

CL 
LU 



FIG. 1 




Xerox Copy Centre 



1 



EP0 402 317 A1 



2 



APPARATUS FOR MIXING VISCOUS MATERIALS 



The present invention relates to an apparatus 
for mixing together into a solution materials which 
are or tend, upon mixing, to become viscous, and 
more particularly to an apparatus for mixing to- 
gether a solid particulate powder into a solv.ent for 
dissolving it and then efficiently stirring the result- 
ing solution which tends to become highly viscous, 
or mixing two or more viscous liquids^at least one 
of which is highly viscous. 



BACKGROUND OF THE INVENTION 

The forming of a solution of a material which is 
quite viscous by dissolving a solid particulate pow- 
der of the material in a solvent, and then efficiently 
stirring the resulting mixture until the power is 
dissolved, during which time the solution becomes 
highly viscous, has been rather difficult to accom- 
plish. Many commercially available impellers for 
carrying out such stirring have been evaluated in a 
mixing vessel, and have failed because of one or 
more of the following reasons: 

1. All of the flow of liquid from the impeller is 
radial, which generates discrete liquid flow zones in 
the vessel resulting in minimal intermixing in these 
zones. 

2. Production of stagnant layers and zones 
in the liquid as a result of the particular design of 
the blades of the impeller. 

3. Poor shear action of the impeller on the 
liquid, which results in ineffective dissolution of the 
particulate material in the solvent. 

4. The action of the impeller in pumping the 
liquid around in the vessel is too low to effectively 
mix two liquid reactive components which produce 
a viscous solution in a time period within which the 
components react. 

5. Too much swirling of the liquid by the 
impeller, with the subsequent production of vor- 
texes and entrapment of gas in the solution. 

In order to minimize the swirling of the viscous 
liquid being mixed, it has been proposed to provide 
in the mixing vessel baffles consisting of flat 
blades. When such baffles are evaluated, however, 
although the vortexing and swirling of the liquid is 
reduced, stagnant zones are formed directly on the 
back side of such baffles as a result of the highly 
viscous nature of the liquid and the resulting flow 
pattern. 



OBJECT AND BRIEF SUMMARY OF THE INVEN- 
TION 



It is an object of the present invention to pro- 
vide an apparatus for both dissolving a solid par- 
ticulate powder of a material such as a polymer in 
a solvent for the solid particulate, and then to 

5 efficiently stir the resulting solution, which becomes 
highly viscous, or for efficiently stirring two or more 
viscous liquids, at least one of which is highly 
viscous, to mix them together. 

It is a further object to provide such an appara- 

w tus which avoids the disadvantages of the prior art, 
and is able to mix a solid particulate rapidly into 
the solvent to dissolve it, or to mix two or more 
viscous liquids, at least one of which is highly 
viscous, without generation of excessive swirling, 

15 vortexing and subsequent gas entrapment, as well 
as to generate adequate shear so as to dissolve 
the solids in the solvent in a controlled and desired 
manner or to efficiently stir the viscous liquids. 
To this end, the invention of the present ap- 

20 plication is an apparatus for mixing together into a 
solution materials which are or tend, upon mixing, 
to become viscous, comprising a substantially cy- 
lindrical vertically oriented tank having an open top, 
and a lid removably mounted on the tank for clos- 

25 ing the open top, the tank being adapted to hold a 
viscous liquid which is being mixed with the upper 
surface of the liquid at a mixing level in the tank. 
An impeller is rotatably mounted in the tank, which 
has a vertical shaft rotatably mounted coaxial with 

30 the cylindrical axis of the tank, a plurality of lower 
impeller blades mounted on the shaft at equally 
spaced intervals therearound, these lower blades 
being flat substantially rectangular blades inclined 
to the vertical and having the lower edges thereof 

35 spaced only slightly above the bottom of the tank, 
and a plurality of upper blades mounted on the 
shaft at equally spaced intervals therearound and 
substantially midway between the circumferential 
positions of the plurality of lower blades. The upper 

40 blades are similarly flat and substantially rectangu- 
lar blades inclined to the vertical in the same 
direction as the lower blades, but at a greater 
angle, and having the lower edges spaced upwar- 
dly from the upper edges of the lower blades and 

45 the upper edges below the mixing level. The radi- 
ally outer ends of the lower and upper blades are 
spaced from the inside peripheral surface of the 
tank a distance for defining a baffle receiving 
space. A driving means is connected to the impel- 

50 ier shaft for driving the impeller in rotation in a 
direction in which the upper edges of the blades 
are the leading edges in the direction of rotation 
and the lower edges are the trailing edges. A 
plurality of baffles is positioned in the tank at 
intervals spaced around the inside periphery in the 
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baffle receiving space, and these baffles are verti- 
cally extending rod-like members with the upper 
ends above the mixing level and the lower ends 
spaced only slightly above the bottom of the tank. 
They have a flat surface on the side facing in the 
direction opposite to the direction of rotation of the 
impeller shaft and a surface which is substantially 
elliptical in horizontal cross section facing in the 
same direction as the direction of rotation of the 
impeller shaft. A baffle mounting means is con- 
nected between the baffles and the inside periph- 
eral surface of the tank at a level above the mixing 
level for mounting the baffles on the tank. Prefer- 
ably braces extend between the baffles for bracing 
the baffles against movement out of a vertical posi- 
tion. 

With this apparatus, the impeller imparts axial 
rather than radial flow to the liquid. The axial flow 
generates an overall liquid flow pattern in the ves- 
sel which spans the entire vertical distance of the 
liquid with upward flow at the walls of the vessel 
and downward flow at the impeller shaft. By this 
apparatus, effective and efficient mixing of the solid 
particulate material, such as a polymer, into a sol- 
vent and then mixing of the resulting viscous liquid, 
or mixing of two or more viscous liquids, or a 
highly viscous liquid and a lower viscosity liquid, 
with each other, can be achieved. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects of the invention will 
become apparent from the following detailed de- 
cription thereof, taken in conjunction with the ac- 
companying drawings, in which: 

Fig. 1 is a sectional elevation view of a 
preferred embodiment of the mixing apparatus ac- 
cording to the present invention taken along sec- 
tion line 1-1 of Fig. 3.; 

Fig. 2 is an elevation view of the blade 
carrying portion of the impeller of Fig. 1 taken from 
a direction at right angles to the direction of Fig. 1; 
and 

Fig. 3 is a sectional plan view taken on line 
3-3 of Fig. 1. 



DETAILED DESCRIPTION OF THE INVENTION 

In a preferred embodiment, the apparatus of 
the present invention comprises a tank 10, having a 
substantially right circular cylindrical vertically ori- 
ented tank body 11 with an open top, and a lid 12 
removably mounted on the tank for closing the 
open top. The lid can be secured by any conven- 
tional closure means, such as clamps, bolts, or the 
like, which, since they are conventional, are not 



shown. The tank is adapted to hold a body of 
liquid, which can be a body of solvent into which 
particulate solid material, such as a polymer, is to 
be dissolved so as to produce a viscous liquid, or a 

5 body of viscous liquid which is composed of two or 
more liquids of different viscosities, at least one of 
which is highly viscous, to be mixed together. The 
tank is adapted to hold this body of liquid with the 
upper surface of the liquid at a mixing level L in the 

w tank. By the term "substantially right circular cyl- 
inder" is meant a geometric shape which approxi- 
mates that of a right circular cylinder, namely a 
shape having a transverse cross-section of hexa- 
gon, or a geometric figure with more sides than a 

75 hexagon. 

The tank body 11 has a conventional drain 13 
in the bottom thereof with a valve 14 for controlling 
the flow of liquid out of the tank. 

Surrounding the tank is a conventional fluid 

20 jacket 15 having a valved outlet 15a at the upper 
end and a valved inlet 15b at the lower end, for 
conducting a fluid, such as water, through the jack- 
et 15 for controlling the temperature within the tank 
body 11. For example, if it is desired to heat the 

25 liquid within the tank body, a hot fluid is passed 
through the jacket 15, whereas if cooling is desired, 
a cold fluid is passed through the jacket 15. 

Positioned within the tank 10 is an impeller 
generally indicated at 21, which is comprised of a 

30 vertical shaft 22 with the lower end supported on a 
bearing 22a on the bottom of the tank, and the 
upper end extending through a bearing 12a in the 
lid 12 out through the lid 12. While the bearing 22a 
in the bottom of the tank is shown as a simple solid 

35 thrust bearing, it can, by appropriate structural 
changes, be converted into a combjned bearing 
and drainage valve, replacing the outlet 13 and 
valve 14. 

Mounted on the shaft 22 is a plurality of lower 

40 impeller blades 24 positioned at equally spaced 
intervals therearound. In the preferred embodiment 
the interval is 180° . The lower blades 24 are flat 
substantially rectangular blades, as shown in Fig. 2, 
and are inclined to the vertical by an angle a which 

45 can be from 25-35 ° . The lower edges of the 
blades are spaced only slightly above the bottom 
of the tank with a spacing of 1/2 to 1 cm. The 
impeller further comprises at least one plurality of 
upper blades 25. In the preferred embodiment 

50 there is only one plurality of such blades. These 
blades are likewise mounted on the shaft 22 at 
equally spaced intervals therearound, and in the 
preferred embodiment there are two such blades 
mounted at intervals of 1 80 ° . Moreover, these 

55 blades are substantially midway between the cir- 
cumferential positions of the lower blades 24. The 
upper blades 25 are also inclined to the vertical in 
the same direction as the lower blades 24 and at 
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an angle £ which is greater than the angle a, and 
which can be from 35-45°. While in the preferred 
embodiment, the number of upper blades is shown 
as two, there can be any number up to six such 
blades. The upper blades 25 are approximately 
one-fifth the width of the lower blades 24 as mea- 
sured transverse to the length of the face of the 
blades and parallel to the face, and the radial 
dimension of the upper blades is the same as the 
radial dimension of the lower blades. 

In the preferred embodiment, the lower blades 
are connected to the shaft at a point slightly closer 
to the lower edge 24b thereof than the mid-point of 
the width of the blade. The upper blades are con- 
nected to the shaft at a point midway along the 
width thereof, and this point is approximately three 
times farther above the bottom of the tank than the 
mounting point of the lower blades. 

The radially outer ends of the lower and upper 
blades 24 and 25 terminate at a point spaced from 
the inside peripheral surface of the tank body 11 to 
leave a baffle receiving spaces therebetween. 

The shaft 22 extends above the top of the lid 
12, and there is connected thereto a drive means 
23 for driving the impeller shaft in rotation. This 
drive means can be an electric motor with the 
output shaft thereof directly connected to the drive 
shaft 22, and means for controlling the speed of 
such a motor, or can be an electric motor indirectly 
connected through a transmission means to the 
shaft 23, with means for controlling the transmis- 
sion ratio and/or the speed of the motor. This drive 
means is conventional, and forms no part of the 
present invention, and accordingly will not be de- 
scribed further. 

The drive means drives the impeller shaft in a 
rotational direction in which the upper edges 24a 
and 25a of the blades 24 and 25 are the leading 
edges in the direction of rotation, and the lower 
edges 24b and 25b are the trailing edges. The 
drive means drives the impeller sufficiently fast to 
provide an impeller Reynolds number N Re of 10 to 
10,000, where 

- N Da2 p 



in which Da is the impeller diameter, N is the 
rotational speed in rps, p is the liquid density and 
U is the viscosity. 

A plurality of baffles 17 is positioned in the 
tank body 10 at intervals spaced around the inside 
peripheral surface of the tank and in the baffle 
receiving space S. There can be from three to six 
such baffles. The number of baffles is related to 
the size of the tank, a smaller number of baffles 



being appropriate for a smaller tank and a larger, 
number for a larger tank, and they are spaced 
inwardly of the inside peripheral surface of the tank 
approximately 1/20 of the diameter of the tank. 

5 Baffle support brackets 18 are mounted on the 
inside peripheral surface of the tank at a position 
above the mixing level L and consists of generally 
U-shaped elements for receiving bracket engaging 
supports 17 projecting radially outwardly from the 

w baffles 17. 

The baffles are vertically extending rod-like 
members having the upper ends above the mixing 
level L and the lower ends spaced only slightly 
above the bottom of the tank. They each have a 

75 flat front surface 17c on the side facing in the 
direction opposite to the direction of rotation of the 
impeller shaft 22, and a surface 17d on the back 
side of the baffle, i.e. the side facing in the same 
direction as the direction of rotation of the impeller 

20 shaft. The surface 17d has a shape which has a 
cross-section of substantially one-half of an ellipse 
with one-half the major axis e perpendicular to the 
front surface 17c. The length of the axis e is 
preferably 1/20 of the inside diameter of the tank. 

25 The width of the baffle face 17c, i.e. the dimension 
in the radial direction of the tank, is approximately 
1/20 of the diameter of the tank body 11. 

The radially outermost ends of the blades 24 
and 25 are spaced approximately 1/20 of the diam- 

30 eter of the tank body 10 from the innermost edge 
of the baffles. 

In the preferred embodiment, the baffles are 
joined by a set of braces 20 extending generally in 
the direction of the circumference of the tank body 

35 11, and joined to the respective surfaces of circum- 
ferentially adjacent baffles. In the preferred em- 
bodiment, the braces are curved outwardly to a 
curvature which is concentric with the curvature of 
the inside peripheral surface of the tank body, and 

40 are circular cross-sectional rods. However, the 
braces can be other than circular in cross section, 
and can, instead of being concentrically curved, be 
straight, or curved less than concentrically. 

In the preferred embodiment, there is provided 

45 at least one further set of braces 20a, spaced 
downwardly from the braces 20, and corresponding 
in configuration to the braces 20. The lowermost of 
any such additional braces is positioned above the 
mixing level L. Further, the baffles 17 may have 

50 wall engaging supports 17b extending outwardly 
therefrom and engaging the inside peripheral sur- 
face of the tank. These wall engaging supports are 
preferably at the same level as the additional 
braces 20a. The braces 20 and 20a and the addi- 

55 tional supports 17b brace the baffles 17 against 
movement out of the vertical position. However, if 
the baffles 17 are sufficiently rigid, the braces can 
be omitted. 
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in operation, for mixing a particulate material 
into a solvent and then stirring the resulting mixture 
during which time the solution becomes highly 
viscous, the tank 10 is first filled with a solvent to 
near the mixing level L, and then the particulate 
material is gradually added as the drive means 23 
drives the shaft 22 for rotating the blades 24 and 
25 in the direction as shown by the arrow in Fig. 3. 
The location of the lower edge 24b of the lower 
blades close to the bottom of the tank causes the 
blades to exert a high fluid pumping action -on the 
solution so as to circulate it downwardly, circum- 
ferentialiy and outwardly, and thence upwardly 
along the inner surface of the wall of the tank body 
11. A high shear effect is also produced. The upper 
blades 25 function to pump the liquid in the upward 
portion of the tank in a downward direction. These 
blades are provided because it was found during 
the experimental work leading to the present inven- 
tion that the bottom blades 24 by themselves did 
not have sufficient capacity to pull the liquid in the 
tank downwardly to keep the upper third of the 
liquid in motion. The action of the upper blades 25 
produces not only a downward action on particulate 
which may be floating on the liquid surface or in 
the vicinity of the liquid surface, but it also supplies 
liquid and particulate to the lower impeller blades 
so as to cause them to operate effectively. In 
addition, the upper blades produce a back pressure 
of the liquid coming from the upper portion of the 
tank against the back side of the lower blades 24, 
which prevents volatilization of any low boiling 
point liquids which may be present in the solution 
due to reduced pressure along the back of the 
lower blades caused by the rotation of the lower 
blades through the liquid. As a result, the combina- 
tion of the rotational movement imparted to the 
fluid in the circumferential direction of the tank 
body 11 as well as the axial movement imparted 
thereto, the axial movement having an upward flow 
along the walls of the tank, and a downward flow 
near the impeller shaft, produces a fast efficient 
mixing of the particulate into the solvent, and keeps 
the viscous liquid both well mixed and circulating 
within the tank 1 1 . 

Experimental work with the apparatus has 
shown that the apparatus can produce correct fluid 
flow patterns and mixing action sufficient to handle 
a solution which has a viscosity of up to 5,000 
CPS, and which contains a volatile component It 
was found that operators were able to do a dissolu- 
tion phase and chemical reactions with the same 
apparatus. There was minimal swirling in the liquid, 
and, in turn, no production of vortexes which cause 
unwanted "whipping" of gas bubbles into the solu- 
tion. 

Where two or more highly viscous liquids are 
to be mixed, or a liquid of low viscosity is to be 



mixed with a liquid of high viscosity, the one liquid 
is filled into the tank 11 to a depth according to the 
proportion of the one liquid in the overall mixture, 
and the remaining liquid is filled into the tank to 

5 bring the level of the mixture up to the mixing level 
L, as the impeller 21 is being rotated. The same 
liquid flow patterns and efficient mixing of liquids is 
produced in such a mixing operation, and the ap- 
paratus operates as efficiently as for the mixing of 

io particulate material into a solvent. 



BEST MODE 

75 For mixing particulate polyvinyl alcohol (PVA) 

polymer into a solvent therefor, such as dimethyl- 
sulfoxide (DMSO), the apparatus as shown in the 
drawings had a tank body 11 with a height of 30 
cm and an inside diameter of 19 cm. Two lower 

20 blades 24 were provided, and were mounted on the 
shaft 22 at an angle of 30° to the vertical, and 
attached at a point 4.8 cm above the lower end of 
the shaft. A space of approximately 1 cm was left 
between the lower edges 24b of the lower blades 

25 and the bottom of the tank. The blades 24 were 1 1 
cm wide and the outside diameter of the two 
blades when attached to the shaft 22 was 13 cm. 

The upper blades 25 were attached to the shaft 
22 at a height of approximately 13 cm from the 

30 lower end of the shaft, and had a blade width of 2 
cm, and were inclined to the vertical at an angle of 
40 ° . They had the same diametrical dimension as 
the lower blades 24. 

The baffles 17 were spaced from the inside 

35 peripheral surface of the tank body 11 a distance 
of 1 cm, and the width of the face 17c was approxi- 
mately 1 cm, and the length of the one-half major 
axis of the ellipse was approximately 1 cm. The 
radially outer ends of the blades 24 and 25 were 

40 spaced approximately 1 cm from the inner edge of 
the baffles 17. 

The bracket engaging supports 17a had the 
supporting surface approximately 30 cm above the 
bottom of the tank, and the baffles extended from 

45 approximately 1 cm above the bracket engaging 
supports to a point spaced approximately 1 cm 
from the bottom of the tank. 

The shaft 22 was 0.375 inches in diameter, and 
the drive means was set to drive the shaft at a 

50 speed of from 200 to 300 rpms. 

The apparatus was operated to dissolve ap- 
proximately 600 grams of PVA polymer in a solvent 
of DMSO, in an amount of 5000 gm, to form a 
viscous solution of approximately 5,000 CPS, in 

55 approximately four hours at 60 * C. 

It will be seen that the apparatus according to 
the present invention is able to mix a solid par- 
ticulate into a solvent to produce a highly viscous 
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solution, or is able to mix two or more viscous 
liquids at least one of which is highly viscous, in a 
rapid and efficient manner without excessive swirl- 
ing, vortexing and subsequent gas entrapment. 
Stagnant zones in the vicinity of the baffles are 
eliminated, so as to prevent accumulation of solid 
polymer against the wall of the tank or the baffle, 
and the liquid within the tank is circulated not only 
circumferentially, but also in a pattern upwardly 
along the wall of the tank and downwardly near the 
impeller for providing complete mixing of the ma- 
terials throughout the body of liquids. The liquid is 
supplied to the back of the lower blades so as to 
maintain back pressure thereon so as to prevent 
volatilization of low boiling point liquids which may 
be present in the solution, and thus avoid genera- 
tion of gas bubbles in the body of liquid. The 
blades carry out the mixing with minimal swirling, 
which substantially eliminates vortexing and the 
production of unwanted "whipping" of gas bubbles 
into the liquid. 



Claims 

1. An apparatus for mixing viscous materials, 
comprising: 

a substantially cylindrical vertically oriented tank 
body having an open top and a lid removably 
mounted on said tank for closing said open top, 
said tank body being adapted to hold a viscous 
liquid to be mixed with the upper surface of the 
liquid at a mixing level in said tank; 
an impeller . rotatably mounted in said tank and 
having a vertical shaft rotatably mounted coaxial, 
with the cylindrical axis of said tank, a plurality of 
lower impeller blades mounted on said shaft at 
equally spaced intervals therearound, said lower 
blades being flat substantially rectangular blades 
inclined to the vertical and having the lower edges 
thereof spaced only slightly above the bottom of 
said tank, and at least one plurality of upper blades 
mounted on said shaft at equally spaced intervals 
therearound and substantially midway between the 
circumferential positions of said plurality of lower 
blades, said upper blades being flat substantially 
retangular blades inclined to the vertical in the 
same direction as said lower blades and at a great- 
er angle and having the lower edges spaced up- 
wardly from the upper edges of said lower blades 
and the upper edges below said mixing level, the 
radially outer ends of said lower and upper blades 
being spaced from the inside peripheral surface of 
said tank body a distance for defining a baffle 
receiving space; 

drive means connected to said impeller shaft for 
driving said impeller shaft in rotation in a direction 
in which the upper edges of said blades are the 



leading edges in the direction of rotation and the 
lower edges are the trailing edges; 
a plurality of baffles positioned in said tank body at 
intervals spaced around the inside peripheral sur- 

5 face of said tank in said baffle receiving space, 
said baffles being vertically extending rod-like 
members having upper ends above said mixing 
level and lower ends spaced only slightly above 
the bottom of said tank, and further having a flat 

10 surface on the side facing in the opposite direction 
to the direction of rotation of said impeller shaft 
and a surface facing in the same direction as the 
direction of rotation of said impeller shaft which in 
horizontal cross section has the shape of substan- 

75 tially half of an ellipse with the major axis extending 
circumferentially; and 

baffle mounting means connected between said 
baffles and. the inside peripheral surface of said 
tank at a level above said mixing level for mounting 

20 said baffles on said tank. 

2. An apparatus as claimed in claim 1 further 
comprising braces extending between said baffles 
for bracing said baffles against movement out of a 
vertical position. 

25 3. An apparatus as claimed in claim 1 in which 

the number of baffles is from three to six. 

4. An apparatus as claimed in claim 1 in which 
the number of lower blades is two and said lower 
blades are spaced at 1 80 ° around said shaft. 

30 5. An apparatus as claimed in claim 4 in which 

the angle of inclination of said lower blades is from 
25-35°. 

6. An apparatus as claimed in claim 4 in which 
each of said lower blades is substantially one-half 

35 of a square. 

7. An apparatus as claimed in claim 1 in which 
the number of upper blades in each plurality is 
from two to six. 

8. An apparatus as claimed in claim 1 in which 
40 there is a plurality of pluralities of upper blades 

spaced vertically along said shaft, and all being 
positioned below said mixing level. 

9. An apparatus for mixing viscous materials, 
comprising: 

45 a substantially cylindrical vertically oriented tank 
having an open top and a lid removably mounted 
on said tank for closing said open top, said tank 
being adapted to hold a viscous fluid to be mixed 
with the upper surface of the fluid at a mixing level 

so in said tank; 

an impeller rotatably mounted in said tank and 
having a vertical shaft rotatably mounted coaxial 
with the cylindrical axis of said tank, two substan- 
tially rectangular lower impeller blades mounted on 

55 said shaft spaced at 180 therearound, said lower 
blades being flat substantially rectangular blades 
inclined to the vertical at an angle of from 25-35° 
and having the lower edges thereof spaced only 
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slightly above the bottom of said tank, and a plural- 
ity of from two to six upper blades mounted on 
said shaft at equally spaced intervals therearound, 
said upper blades being flat substantially retangular 
blades inclined to the vertical in the same direction 
as said lower blades and at a greater angle than 
the angle of inclination of said lower blades, said 
angle of inclination of said upper blades being from 
35-45°, and said upper blades having the lower 
edges spaced upwardly from the upper edges of 
said lower blades and the upper edges below said 
mixing level, the radially outer ends of said lower 
and upper blades being spaced from the inside 
peripheral surface of said tank a distance for defin- 
ing a baffle receiving space; 

drive means connected to said impeller shaft for 
driving said impeller shaft in rotation in a direction 
in which the upper edges of said blades are the 
leading edges in the direction of rotation and the 
lower edges are the trailing edges; 
a plurality of from three to six baffles positioned in 
said tank at intervals spaced around the inside 
peripheral surface of said tank in said baffle receiv- 
ing space, said baffles being vertically extending 
rod-like members having upper ends above said 
mixing level and lower ends spaced only slightly 
above the bottom of said tank, and further having a 
flat surface on the side facing in the opposite 
direction to the direction of rotation of said impeller 
shaft and which has a radial dimension about 1/20 
the diameter of said tank, and further has a surface 
which is substantially elliptical in horizontal cross 
section facing in the same direction as the direction 
of rotation of said impeller shaft and with one-half 
the major axis of the ellipse about 1/20 the diam- 
eter of said tank; 

said blades having the radially outer ends spaced 
from said baffles a distance about 1/20 the diam- 
eter of said tank; 

baffle mounting means connected between said 

baffles and the inside peripheral surface of said 

tank at a level above said mixing level for mounting 

said baffles on said tank; and 

braces connected between said baffles for bracing 

said baffles . against movement out of a vertical 

positon. 

10. An apparatus as claimed in claim 9 in 
which said braces are straight rods. 

11. An apparatus as claimed in claim 9 in 
which said braces are curved rods curved out- 
wardly toward the inside surface of said tank. 

12. An apparatus as claimed in claim 10 or 11 
in which there are a plurality of sets of braces 
spaced vertically in said tank. 

13. An apparatus as claimed in claim 9 in 
which said lower blades are at an angle of 30° . 

14. An apparatus as claimed in claim 9 in 
which said upper blades are at an angle of 40* . . 



15. An apparatus as claimed in claim 9 in 
which there are four baffles. 

16. An apparatus as claimed in claim 9 in 
-which said upper blades and said lower blades are 

5 mounted on said shaft at a mid-point of the width 
d, said blades and the position of the mounting 
point of said upper blades is about three times the 
distance of the mounting point of the lower blades 
from the bottom of the stirring shaft. 

w 17. An apparatus as claimed in claim 9 in 

which the width of said upper blades is about one- 
fifth the width of said lower blades. 
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CHG DATE=1 999061 7 STATUS=0> An apparatus for mixing 
viscous materials has a tank (10) for holding a viscous liquid to be 
mixed with the upper surface of the liquid at a mixing level in the 
tank, an impeller (21 ) rotatably mounted in the tank coaxial with the 
III cylindrical axis of the tank with a plurality of flat lower impeller blades 
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(24) mounted thereon at equally spaced intervals therearound, and 

inclined to the vertical and at least one plurality of upper blades 
mounted thereon at equally spaced intervals therearound and 
substantially midway between the circumferential positions of the 

iliill blades and inclined to the vertical in the same direction as||||| 
lower blades and at a greater angle, a drive motor (23) driving t||||||| 
ll|lller shaft in a direction in which the upper edges of the blad||||||||| 
are the leading edges in the direction of rotation, and a plurality ||||||| 
lilies (17) in the tank body at intervals around the inside periph|||l 
surface of the tank between the tank wail and the ends of the blades 
111 having a flat surface (17c) on the front side and a surface (17d) 
facing on the back side with a cross-sectional shape of substantial 
half of an ellipse with the major axis extending circumferentially. 
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